Since the co-occurrence of several health-risk behaviors is associated with an increase in chronic diseases, the study of clustering is relevant. The aim of this study was to evaluate how seven types of general and oral healthrisk behaviors, cluster among adolescents. A cross-sectional analysis was performed with a sample of high school students from state public schools in São Lourenco da Mata, State of Pernambuco, Brazil (n = 1154). Data were obtained using a self-reported questionnaire. To identify cluster solutions of seven general and oral health-risk behaviors, Hierarchical Agglomerative Cluster Analysis (HACA) was performed. Most of the adolescents participating in the study was female (54.3%) and aged < 16 years old (77.1%). HACA indicated two broad stable clusters for the seven health-risk types of behaviors. The first cluster included following behaviors: smoking, drinking and less frequent tooth brushing. The second cluster reveals the combination of high bread, pasta and snack intake; high intake of sweets; high intake of soft drinks; low intake of fruits and vegetables. Results provided by HACA identified two groups of health-risk behaviors. The first cluster mainly shows risk (problematic) behaviors, whereas the second cluster denotes the non-adhesion of preventive behavior (non-healthy diet). Health-compromising behaviors are common among teens and occur in distinct clusters. These findings could be used by schools, health promotion authorities and other stakeholders to design and implement tailored preventive interventions in Pernambuco, Brazil. Therefore, clustering of several types of behavior has important implications for a comprehensive strategy in health promotion policies and practices.
Introduction
Adolescence is defined as a transition phase from childhood to adulthood, characterized by many changes. It is highly relevant to emphasize that the concept of adolescence as a different and distinct period of development is a relatively recent phenomenon (Nagaland et al., 2016) .
During this period of life, oral health is frequently dispensed and the development of health-compromising behaviors, such as poor nutritional habits, irregular dental hygiene, and low health care, becomes quite significant (Nagaland et al., 2016; Craigie et al., 2011) .
The literature shows that attitudes toward risk and common behaviors practiced during adolescence do not occur alone and in isolation, but instead tend to occur in clusters or bundles (Spring et al., 2012) . They are distributed among the population according to certain patterns (Singh et al., 2013; Conry et al., 2011) . In other words, they are not randomly distributed (Craigie et al., 2011) .
The study of clustering of multiple behavioral risk factors is relevant because the co-occurrence of several health-risk behaviors is associated with a particularly increased disease risk, including certain types of cancer and cardiovascular diseases (Marmot and Allen, 2014) . Further, behavior patterns in adulthood are usually built during adolescence (Alzahrani et al., 2014) . Consequently, understanding how certain health-related behaviors are adopted by young people has serious implications throughout life (da Silva Brito et al., 2015) . The cluster analysis based on the Hierarchical Cluster Analysis (HACA) is the correct approach to identify health-related behavior groups. It actually provides more stable cluster solutions when compared to nonhierarchical cluster analysis. It also allows the grouping of individuals with similar characteristics in different variables that lead toward empirical homogeneous types (Borgen and Barnett, 1987; Everitt et al., 2011) .
Previous discussions investigating the co-occurrence of so-called health-risk behaviors employed different data analysis techniques to find a solution (Singh et al., 2013; da Silva Brito et al., 2015; Park et al., 2010; Azeredo et al., 2016) . However, so far, we have found only two investigations that have examined the clustering of oral health as well as general health behaviors employing a data-driven technique such as the HACA in adolescents (Alzahrani et al., 2014; .
Since the concept of clustering is not yet clearly defined in the literature, different authors have theorised and operationalised this construct in different ways (Singh et al., 2013; da Silva Brito et al., 2015; Azeredo et al., 2016 ). An important contribution of this study has been to clarify the definition and usability of the most appropriate statistical method of the clustering of health-related behaviors.
Thus, we understand the importance of more research to investigate the subject and elucidate these issues better. Therefore, the current investigation analyzes the manner in which seven health-compromising behaviors cluster together among adolescents between 15 and 19 years old in the municipality of São Lourenço da Mata, Pernambuco, Brazil.
Methods

Study design and sample
The current study analyzes secondary data of an epidemiological transversal survey, called "Association between psychosocial factors and oral health," undertaken in 2014. The survey, which estimated the prevalence of several results in oral health and its association with psychosocial factors, was applied to 15-19-year-old adolescents attending government-run public schools in São Lourenço da Mata, Brazil.
The city of São Lourenço da Mata was selected as a development center for the Metropolitan Region of Recife, starting with the installation of the Pernambuco Arena Complex and significant real estate investments, which may affect the living conditions of the adolescent population. One of the oldest cities in Brazil, the municipality is located 16 km from the capital of Pernambuco. It has an area of 262 km 2 and population density above 392 inhabitants/km 2 . Around 92% of its 102,895 inhabitants reside in the urban area. Essential data from São Lourenço da Mata's economy include the growing service and industries sectors, a Gross Domestic Product (GDP) per capita of R$ 5369.34 and the average Municipal Human Development Index (HDI) of 0.65327.
The decision to work with adolescents from public schools was taken so we could obtain a homogeneous sample from the socioeconomic point of view. According to data provided by the Municipal Education Department, during the period of collection, the public education network had 49 municipal schools (between schools and kindergartens) and eight state schools. The number of students enrolled in the 9th, 10th, 11th, and 12th grades of high school totaled 8393 in the public network and 1464 in the private network (INEP, 2014) .
The sample size calculation was performed considering the oral health outcomes investigated in a previous study and in the epidemiological survey in which the present study is nested (Bezerra and Goes, 2014; da Rocha Kozmhinsky et al., 2016; Roncalli et al., 2012) . Among these outcomes, dental pain had the lowest prevalence, with 20%, which was used as a parameter for sample size calculation. Thus, by statistical definition, every prevalence that was > 20% was represented in this set.
Therefore, to calculate the sample size, in the study as a whole, the two-way comparison formula was used, a ratio of 1:1 between groups, with an expected prevalence of 20% of dental pain in this population, test power of 80%, random error of 2.5% and confidence interval (CI) of 95%. The Epi Info 6 calculation program was used.
Eleven public schools that had students of the age group required by the research participated in the study and consisted of a sample of 1154 students, representing a response rate of 81.5% of the sample calculated initially. Each school provided samples proportional to the number of enrolled adolescents of the same age bracket. A quotient of proportionality was established.
A randomized draw was conducted from the nominal list of students from the first name of the list, alternating a selected adolescent with an unselected one, excluding the 12th name. Adolescents who had difficulties in understanding the questionnaire were excluded from the study.
Ethical procedures
The research project was conducted according to the principles of Decree 466 of 2012 by the National Health Council and approved by the Committee for Ethics in Research of the Federal University of Pernambuco (CEP/UFPE), registered at 650.163.
All students were informed that their participation was voluntary and that the forms did not contain personal data. They were also informed that they could quit any time during the collection of data. In the case of students younger than 18 years, a term of consent was sent to parents or tutors asking their permission for the students' participation. Students eighteen years old or older signed their own term of consent to participate in the research.
Measurements
A questionnaire for the collection of data was administered, comprising valid questions used in other surveys (Vettore et al., 2012; Roncalli et al., 2012) . The questionnaire included closed and pre-codified questions on aspects related to social and demographic data involving gender, age, race, schooling, survey of school failures, family structure, number of people per home, time of residence, and the presence of siblings in the research. Questions related to behavior comprised habits of hygiene and eating, intake of alcoholic beverages, smoking, and access to and use of dental services.
Each adolescent was interviewed individually by previously trained and calibrated researchers on the school premises. After explaining the aims and methods of the study, remaining doubts were resolved. The application of the questionnaires was remade after every 10 participants so that quality control of data could be undertaken. Results showed a satisfactory degree for retest analysis (r > 0.8).
Eating habits included the following questions: "How many times a week do you usually eat each food below?": "Bread, pasta, and snacks (chicken patty, biscuits, etc.)"; "Sweets in general (stuffed biscuit, chocolates, candy, chewing gum, homemade candy, etc.)"; "Fizzy drinks, fruit juice, or soft drinks like squash "; "Fruits, vegetables and cereals in general (beans, rice, oats, soy, etc.)".
Intake of fruits, vegetables, and cereals was dichotomized into once a day or three to five times a day versus at least twice a week or never; intake of food rich in carbohydrates was dichotomized into less than three times a week or never versus three to five times a day or once a day; intake of sweets was dichotomized into at least twice a week or never versus once or three to five times a day; intake of soft drinks was separated dichotomized into less than three times a week or never versus three to five times a day or once a day.
Frequency of tooth brushing was classified into three categories: Yes. I brush my teeth every day; No. I do not brush my teeth every day; No. Adolescents were asked about the material used for oral hygiene, which comprised: dental brush; dental cream; dental floss; toothpick; oral solution for mouth rinsing; I am not in the habit of brushing my teeth.
Smoking was reported as follows: I do not smoke; I smoke once a day; I smoke twice to four times a day; I smoke five times a day; I smoke more than five times a day. Drinking was similarly reported: I do not drink; I drink once a week; I drink twice to four times a week; I drink five times a week; I drink more than five times a week. Answers were computerized and formed a quantitative variable that, after counting, was grouped into non-smoker and current smoker (at least once per week), and nondrinking and current drinking.
Oral health practice was separated into brushing one's teeth daily versus not brushing one's teeth every day or not brushing one's teeth. Smoking was clustered into non-smoking and smoking (at least once a week). Similarly, the intake of alcoholic beverages was clustered into drinking (at least once a week) and nondrinking.
The seven health behaviors under analysis were listed under different categories, varying between 2 and 5. So that they could be comparable, they were analyzed as binary variables (0 = healthy behaviour and 1 = health-risk behaviour), based on public health recommendations and previous investigations (Jordao et al., 2017; Jordão et al., 2018; Alzahrani et al., 2014) .
The following were considered behaviors risky to health: less frequent tooth brushing (not every day or never brushes teeth); low intake of fruits and vegetables (at least twice a week or never); high intake of sweets (once or more daily); high intake of soft drinks (once or more daily); high intake of carbohydrate-rich food (once or more daily); intake of alcoholic beverages; and smoking.
The above factors were chosen a priori because they were related to one's lifestyle. Although they could be modified, they are closely associated with non-transmissible chronic diseases.
Statistical analysis
Descriptive statistical analyses were performed for category variables through simple frequency; in the case of continuous variables, measurements of main trend and variability were performed. Pairwise correlations using Phi test for binary were used.
Hierarchical Cluster Analysis (HACA) was applied to detect patterns and clustering. The method provides more stable cluster solutions than the non-hierarchical cluster analysis does.
At first, the researchers were not aware of cluster association and frequently did not know the number of clusters. A cluster analysis of variables is similar to the factorial analysis, because both procedures identify groups related to variables. Clustering is an excellent tool for the analysis of exploratory data when the researcher suspects that the sample is not homogeneous. HACA was applied to detect patterns and clusters within data (Santha et al., 2016) .
According to Clatworthy et al. (2005) , the establishment of clusters may be confirmed by replicating HACA in different sub-samples randomly designed from the study's sample. Verifying identified clusters' stability is basic for its validity. Coefficients of relationships between different types of behavior of each cluster were also calculated. It is another approach to validate the structures of the identified clusters (Everitt et al., 2011) . Although the method was used in current research in an exploratory way, it has been widely employed in other research fields (Clatworthy et al., 2005) .
HACA was employed to identify solutions to stable clusters of several risky behaviors by means of an algorithm of medium bond between groups that identified homogeneous subgroups within a heterogeneous sample. Squared Euclidean distance was employed as a proximity measure due to its usefulness for binary variables (Everitt et al., 2011) . At first, the number of identifiable clusters was unknown. SPSS 23.0 was employed for statistical analysis at 5% significance. Table 1 shows that most respondents were female (54.3%), younger than 16 years old (77.1%), brown-colored (56.2%), at years seven and nine (69.8%). Further, 40.7% of the adolescents reported that their mothers' schooling was shorter than eight years.
Results
Concerning oral health behavioral factors, we found that most students brush their teeth every day (96.6%), and about the oral hygiene, the principal used items were toothbrush (96.5%), followed by toothpaste (83.5%) and dental floss (50.8%). However, it is noted that most students do not smoke (98.7%) and those who do smoke, do so only once a day (40.0%), just as among the 6.4% who use alcohol, contact occurs only once a week (88.1%). Table 2 shows the prevalence of individual health-risk behaviors. Fig. 1 shows a dendrogram that illustrates the process, and the partitions produced at each stage of hierarchical clustering analysis of behaviors related to health, employed in the current research. The dendrogram provides a visualization of the distance at which clusters are bonded (Everitt et al., 2011) .
The height in this diagram represents the distance at which each fusion is made. The nodes of the dendrogram represent clusters, and the lengths of the stems (heights) represent the distances at which clusters are joined. The stems may be drawn so that they do not extend to the zero line of the diagram, in order to indicate the order in which objects first join clusters (Everitt et al., 2011) .
The closeness of coefficients showed that smoking (S), drinking (A) and less frequent tooth brushing (B) combined in one group to form a cluster (Cluster 1). The second stage revealed that high intake of sweets (C) plus high consumption of bread, pasta, and snacks (P) formed another cluster. The third stage showed that high intake of soft drinks (R) was linked to P and C. The fourth stage showed that low intake of fruits and vegetables (F) combined with P, C, and R to form a new cluster (Cluster 2). The fifth stage demonstrated the formation of two clusters significantly distanced one from the other (cluster coefficients), which provided a better solution to the population under analysis. The two distinct clusters with different health-compromising behavior patterns collectively comprised the seven types of behavior related to health analyzed in the current research. In the first cluster, at the top of the dendrogram, the following behaviors appeared: smoking, alcoholic beverage consumption, and less frequent tooth brushing. The second cluster revealed the combination of high bread, pasta, and snack intake; high intake of sweets; high intake of soft drinks; and low intake of fruits and vegetables.
Because behavior clustering was similar for males and females, the following analysis was performed for the entire samples and adjusted by gender.
Clusters' stability and validity were confirmed by HACA replication in different randomly designed sub-samples from the samples under analysis. Further, significant associations between variables of each cluster validated cluster structure (Table 3) .
Discussion
Results provided by HACA identified two groups of health-risk behaviors. The first group comprised smoking, alcoholic beverage intake, and less frequent tooth brushing. The second group included high intake of bread, pasta, and snacks; high intake of sweets; high soft drink intake; and low consumption of fruits and vegetables.
It has to be underscored that behaviors grouped in the two clusters are different. The first cluster mainly shows risk (problematic) behaviors, whereas the second cluster denotes nonadherence to preventive behavior (unhealthy diet). The difference between the two risky behavior patterns may lie at the social acceptance level (Azeredo et al., 2016) .
According to the literature, such behaviors as the consumption of illicit drugs, alcoholic beverages, and smoking are socially less acceptable among adolescents and connote problematic behavior patterns. On the other hand, an unhealthy diet represents health damage that is not unacceptable by the community (da Silva Brito et al., 2015; León et al., 2010) .
Risky behaviors may be important for adolescents. In the psychosocial model of risk behavior factors among adolescents, Jessor (1991) emphasized the theoretical and practical importance of establishing whether risky behaviors occur alone or are interrelated. For instance, the so-called problematic behaviors, such as the use of illicit drugs, delinquency, abuse of alcoholic drinks, and sexual proclivity, have a The asterisk means that this value shows Phi correlation was significant when p < 0.001. ⁎⁎ Phi correlation was significant at p < 0.001.
very strong relationship with risky behavior (Jessor, 1991; Van Nieuwenhuijzen et al., 2009 ). These may be perceived in the first cluster, which includes both smoking and the intake of alcoholic beverages.
In the case of the first cluster, previous studies with several techniques for data analysis also demonstrated a similar grouping pattern, which comprised smoking, drinking, and less frequent tooth brushing (risky/problematic behavior) among adolescents (Singh et al., 2013; Park et al., 2010; Azeredo et al., 2016; Irigoyen-Camacho et al., 2014; Chiolero et al., 2006) .
Smoking is an important variable that may be strongly associated with risk-behavior clustering. A study by Chiolero et al. (2006) emphasized that the consistent association with risky behaviors, regardless of age, schooling, nationality, and dose-dependent relation of cigarettes with risk-behavior grouping, strongly suggested that smoking may be the most relevant factor in the accumulation of unhealthy behavior. The author, however, did not infer that smoking caused other risky behaviors, mainly because of methodological reasons (transversal design).
This fact supports the understanding that the first cluster indicates a strong link between smoking and drinking and, less frequent tooth brushing. Further, as reported in the literature, lifestyle habits, such as smoking and drinking, may also lead to bad behavior in oral health (Vettore et al., 2012) . Among adolescents, it is possible to believe that the social, cultural, and economic context may be an important observation variable regarding the perception and adoption of health risk behavior (Leão et al., 2017) . Silva et al. (2016) , observed that the consumption of tobacco and physical inactivity have higher prevalence in young people, especially in those with lower incomes in southern Brazil.
Similar results could be detected in the case of the second cluster. There was an association between low consumption of fruits and vegetables and low frequency of physical activities and between tooth brushing and eating habits (Santha et al., 2016; Pengpid and Peltzer, 2011; Ottevaere et al., 2011; Pearson et al., 2009) . However, these studies merely reported associations between two types of behavior at a single time; they did not analyze the grouping patterns of multiple health-related behaviors.
In this study, there was a high prevalence of inappropriate consumption of fruits and vegetables among adolescents from Sao Lourenço da Mata. Only 8.8% of the young people responded to the recommendations on the daily consumption of these foods. This result is consistent with previous studies, which also revealed inadequate consumption of fruits and vegetables among adolescents.
In the study of Pearson et al. (2009) , only 6% of the adolescents achieved the recommendations for being physically active and for a daily consumption of fruits and vegetables and breakfast. Also, in a survey conducted by Silva et al. (2016) , it was found that the prevalence of inadequate consumption of fruits and vegetables was high (88.6%), and only 11.4% achieved the recommendations. These results are similar to those found in this study.
Another study that examined the prevalence and clustering of physical activity, sedentary and dietary patterns among European adolescents, found five stable and meaningful clusters. Males were highly presented in the cluster with high levels of moderate to vigorous physical activity (MVPA) and low-quality diets. Adolescents with low educated parents had diets of lower quality and spent more time in sedentary activities (Ottevaere et al., 2011) .
Two studies (Alzahrani et al., 2014; were similar to the current one. The former was performed in Saudi Arabia and was restricted to male adolescents; the latter was applied to both genders, in Brazil. However, the two studies employed the HACA method for their analyses. Alzahrani et al. (2014) found two distinct clusters. One cluster included low fruit consumption, less frequent toothbrushing, and low frequency of physical activities. The second cluster involved high intake of sweets and smoking and involvement in physical fighting. Cluster differences in Alzahrani et al. (2014) may have occurred due to the absence of females and to cultural factors peculiar to each country. also provided two different clusters for 17 oral and general health-risk behaviors. The first cluster comprised a combination of non-preventive behaviors (less frequent hygiene practices, unsafe sex, lack of breakfast, absence of visits to the dentist) and risky behavior (smoking, consumption of illicit drugs, absence of helmet and safety belt, high intake of sweets, physical fighting, and intake of alcoholic beverages). The second cluster comprised an unhealthy lifestyle (sedentary habits, insufficient physical exercise, eating or studying while watching TV, diet poor in fruits).
Results in the current study complement and corroborate those in the abovementioned research works insofar as they discuss risky behavior specific to oral health (tooth brushing) and behavior risky to general health (drinking and smoking, unhealthy diet) among male and female adolescents. In fact, the study detected a similar behavior pattern for males and females, underscoring the need for in-depth knowledge in this field of studies.
The current results should be interpreted by taking into account certain limitations in the research. This is a school-based investigation, and care must be taken when interpreting the results. Because it was conducted in government-run schools, the population studied was relatively homogeneous, and it was based on self-reported behaviors of a single group of respondents. Data provided by the subjects under analysis may have been distorted, which could result in information bias, with overestimation of health-promoting behaviors and underestimation of health-risky behaviors. Further, the transversal feature of the study limits a casual interpretation of results.
Within the perspective of public health, the results have highly important implications. Risky behaviors affect not merely oral health but also overall health. In fact, there is a trend of accumulation in the same persons. Therefore, the results foreground the subjacent theory on coping with common risk factors and on dealing with the clustering of several types of behavior.
On the other hand, this requires the integration of oral and overall health through a comprehensive strategy in health promotion. Within the approach to common risk factors, the main issues of oral health are associated with the same risk factors as for other chronic diseases (Sheiham and Watt, 2000) .
One important public health strategy is the development of health recommendations, which could be a helpful assistance to populations to reduce the occurrence of multiple risky health behaviors, commonly lifestyle-related. Therefore, monitoring population compliance with health recommendations could be an important aspect of public health planning (Hardy et al., 2017) .
Clustering of risk factors among individuals and groups, especially those at the lowest levels of the social ladder, suggests that preventive approaches should be directed toward sets of risk factors common to a series of diseases and social classes. Consequently, data retrieved from the current research justifies interventions focused on prevention and the concomitant reduction of the main behavioral risk factors for nontransmissible diseases in the general population.
